Sinus node recovery rime was compared to the recovery time of a slow atrioventricular junctional rhythm in each of the same seven pentobarbital anesthetized dogs. Recovery time and the first five cardiac cycles were examined after pacing atria and ventricles for 20, 40, and 60 seconds at four or more pacing cycle lengths. Data relating recovery times and return to control conditions to preparing cycle length, pacing cycle length, duration of pacing, site of pacing, and origin of rhythms were analyzed by covariance analysis. From the analyses, the relative contribution of the determinants are: the preparing cycle length 73%, the site of paring 3.5%, the pacing cycle length 2%, and the interaction of the site of paring and paring cycle length 1% for sinus node recovery time; and for slow atrioventricular junctional rhythm recovery time, the duration of paring 40%, the interactions between the duration of pacing and the paring cycle length 27%, and the preparing cycle length 9%. A modified exponential decay model predicted 8 beats for return to preparing conditions during sinus rhythm and 66-100 beats during atrioventricular junctional rhythm. We conclude that the single most important determinant of sinus node recovery time is the preparing cycle length. Pacing cycle length and site of pacing have a significant but small influence on sinus node recovery time and duration of paring, beyond 20 seconds, has no significant influence. In contrast, duration of paring is the most important determinant of slow atrioventricular junctional recovery time. Another major determinant of slow atrioventricular junctional recovery time is the interactions between pacing cycle length and duration of paring. Preparing cycle length has a minor influence, and site of pacing has no influence, on slow atrioventricular junctional recovery time. (Circ Res 57: 182-191, 1985) 
SUMMARY. Sinus node recovery rime was compared to the recovery time of a slow atrioventricular junctional rhythm in each of the same seven pentobarbital anesthetized dogs. Recovery time and the first five cardiac cycles were examined after pacing atria and ventricles for 20, 40, and 60 seconds at four or more pacing cycle lengths. Data relating recovery times and return to control conditions to preparing cycle length, pacing cycle length, duration of pacing, site of pacing, and origin of rhythms were analyzed by covariance analysis. From the analyses, the relative contribution of the determinants are: the preparing cycle length 73%, the site of paring 3.5%, the pacing cycle length 2%, and the interaction of the site of paring and paring cycle length 1% for sinus node recovery time; and for slow atrioventricular junctional rhythm recovery time, the duration of paring 40%, the interactions between the duration of pacing and the paring cycle length 27%, and the preparing cycle length 9%. A modified exponential decay model predicted 8 beats for return to preparing conditions during sinus rhythm and 66-100 beats during atrioventricular junctional rhythm. We conclude that the single most important determinant of sinus node recovery time is the preparing cycle length. Pacing cycle length and site of pacing have a significant but small influence on sinus node recovery time and duration of paring, beyond 20 seconds, has no significant influence. In contrast, duration of paring is the most important determinant of slow atrioventricular junctional recovery time. Another major determinant of slow atrioventricular junctional recovery time is the interactions between pacing cycle length and duration of paring. Preparing cycle length has a minor influence, and site of pacing has no influence, on slow atrioventricular junctional recovery time. (Circ Res 57: 182-191, 1985) WHEN automatic cells are overdriven and the drive is abruptly terminated, a period of quiescence follows before activity resumes. This post-pacing pause is due to overdrive suppression (Lu et al., 1965) , and it has been demonstrated in man (Mandel et al., 1971; Narula et al., 1972; Strauss et al., 1980) , as well as in experimental animals (Lu et al., 1965; Lange, 1965; Vassalle et al., 1967; Tanahashi et al., 1979) . Previous studies have shown that the spontaneous rate (Mandel et al., 1971; Krellenstein et al., 1974; Scheinman et al., 1976; Vallin, 1980; Gang et al., 1983) , pacing rate (Lu et al., 1965; Lange, 1965; Vassalle et al., 1967; Mandel et al., 1971; Pliam et al., 1973; Krellenstein et al., 1974; Pop and Fleischman, 1978; Tanahashi et al., 1979; Bigger, 1980) , duration (Lange 1965; Lu et al., 1965) , and site of pacing (Mandel et al., 1971) are the critical determinants of overdrive suppression. However, most of these studies were designed to examine specifically the influence of only one of these critical factors, while either attempting to hold the others constant (Lange, 1965; Lu et al., 1965; Vassalle et al., 1967; Pliam et al., 1973; Tanahashi et al., 1979 , Krellenstein et al., 1974 , or even disregarding them completely (Pliam et al., 1973; Krellenstein et al., 1974; Gang et al., 1983; Kerin et al., 1983) .
The present experiments were performed to characterize simultaneously and quantitatively, in the same heart, how preparing cycle length, pacing cycle length, duration, and site of pacing variably determine the magnitude of sinus node and slow atrioventricular junction (AVJ-2) (Urthaler et al., 1973) overdrive suppression. Special emphasis was directed toward examining the contribution of each of these four determinants through interactive effects. Furthermore, we also examined the time course of the decay of overdrive suppression, and a model was developed to characterize better the time course of the return from the escape interval to the prepacing cycle length.
Methods
Seven mongrel dogs of either sex, weighing 16-28 kg, were anesthetized with sodium pentobarbital (30 mg/kg, iv). Ventilation was maintained through a cuffed endotracheal tube attached to an intermittent positive-pressure Harvard pump supplying room air. All animals were paralyzed subsequently with intravenous sucdnylcholine (iv drip, 0.5 mg/ml). A thoracotomy was performed through the right 4th intercostal space. Multipolar electrodes were sutured on the epicardium at eight standard sites (see Figs. 1 and 2): the tip of the right atrial ap- pendage, the region of the sinus node, the Eustachian ridge, the sulcus terminalis (at a point equidistant between the sinus node and Eustachian ridge), Bachmann's bundle, the tip of the left atrial appendage, the right ventricular outflow tTact (2 cm below the pulmonary valve), and the left ventricular surface (2 cm lateral to the left anterior descending coronary artery and 2 cm above the apex). In all experiments, a His bundle electrogram was obtained via a standard pacing electrode catheter (10-mm interpolar distance, F5 or F6) advanced into the aortic root (Urthaler and James, 1977) . Central aortic pressure was measured via a catheter advanced through a femoral artery. A lead II electrocardiogram was recorded in every animal.
Sinus node recovery times (SNRT) were assessed during spontaneous sinus rhythm. AV junctional recovery times were determined after producing complete atrioventricular block with an emergent stable slow AV junctional rhythm (AVJ-2), as previously described (Urthaler and James, 1977) . The AV node artery was isolated and cannulated with a small polyethylene catheter, with the remaining FIGURE 2. Same heart as in Figure 3 , viewed from the right side.
RAA, right atrial appendage; SVG superior vena cava; 1VC, inferior vena cava; SN, sinus node; CT, crista terminalis; ER, Eustachian ridge; PVv, pulmonary veins; SAV, sulcus atrio-ventricularis. RVe and LVe, right and left ventricle.
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coronary circulation left intact. To assess adequacy of the responses to AV junctional perfusion, 2 ml of acetylcholine (0.1 /ig/ml, prepared in Ringer's solution) are injected into the AV node artery during sinus rhythm. The preparation was considered adequate only if this injection of acetylcholine caused an immediate, complete AV block for at least 2 seconds. Upon meeting this criterion, a long-lasting complete heart block with an emergent slow AV junctional rhythm was produced in each case by injection of physostigmine salicylate (250 ng/ml, 2 ml) into the AV node artery.
For all pacing protocols, each stimulus was twice threshold voltage and lasted 2 msec. To determine the influence of the duration of pacing, we used three levels: 20, 40, and 60 seconds. To determine the influence of the pacing site, pacing was performed from the electrodes sutured on the right and left atrial appendage for sinus node recovery time (SNRT) and from the electrodes on the right and left ventricular surfaces for slow AV junctional rhythm recovery time (AVJ-2-RT). To assess the influence of the pacing cycle length, we employed at least four different cycle lengths to test each center of automaticity. The longest pacing cycle length (i.e., slowest pacing rate) for SNRT was selected so that it yielded a pacing rate that was at least 10% above the spontaneous rate. The shortest pacing cycle length for SNRT was selected to yield a maximum rate of approximately 100% above control spontaneous rate. For AVJ-2-RT, the longest and shortest pacing cycle lengths resulted in rates of approximately 40% and 400% above the control spontaneous rate. Intermediate values for the pacing cycle lengths were selected between these respective minima and maxima for either SNRT or AVJ-2-RT. The levels of pacing duration, pacing site, and pacing cycle length were limited to these values to permit duplication of each measurement and, therefore, allow for a better comparison between SNRT and AVJ-2-RT in the same preparation.
Recovery time measurements were made from polygraph tracings recorded at a speed of 100 mm/sec for SNRT and 25 mm/sec for AVJ-2-RT. Recovery times were assessed as the interval between the last paced electrogram and the earliest spontaneous electrogram recorded from the site over the sinus node for SNRT, and from the site over the right ventricle for AVJ-2-RT. In every case, when measuring SNRT, we used the shape and activation sequence of the five selected bipolar electrograms to verify the fact that the earliest escape activity was observed in the sinus node and not at an ectopic site characteristic of subsidiary atrial pacemakers (Randall et al., 1982) . Control measurements were taken just before each pacing intervention. For the purpose of this study, the preparing cycle length is defined as the spontaneous cycle length immediately preceding the pacing intervention. Following the escape beat, the spontaneous cycle lengths of the next four successive beats were measured for both sinus and AVJ-2 rhythms.
Statistical Analysis
The comparative influence of different preparing cycle lengths, paring cycle lengths, paring durations, and paring sites upon both SNRT and AVJ-2-RT was assessed by regression analysis (Snedecor, 1980) . The influence of the individual determinants and all possible interaction terms up to and including triple products were tested for their significance. Multiple correlation coefficients (R) were computed for all regressions. The square of these coeffi-cients (R 2 ) was then calculated to assess the extent to which the variance of the dependent variable (e.g., SNRT or AVJ-2-RT) is accounted for by the independent variables in the regression equations. All R 2 values are expressed independent of dog-to-dog variability. AH regressions were of the general linear form: Y = ct o + otiX-, + a 2 X 2 + .. . aPCi, where Y is the response variable, Xi the determinants, ct\ the regression coefficients, and a,, the response-axis intercept. Finally, a stepwise regression analysis using a 0.05 significance level for entry into the model was used to examine the relative relationships between the respective recovery time and the determinants which were found to be significant from the initial regression analysis. The relationships generated from this analysis appear as the 'relative contribution to R 2 " in Tables 2 and 3 .
The four successive beat-to-beat intervals following the last paced beat were measured and analyzed. We then modeled the data in an effort to obtain the predicted number of beats required for the spontaneous cycle length to return to preparing levels. A three-parameter power function which can be obtained as a generalization of an exponential decay curve (Turner, 1963) was used to fit the corrected-normalized means for the intervals [expressed as (interval preparing cycle length)-1] as a function of beat number, where the escape beat equals beat 1. The decay model is given by: Y = K (beat # + T)~B. Although the model parameters K, T, and B are not strictly separable, B can generally be thought of as measuring the rate of return to the preparing cycle length. The term Y yields the predicted number of beats within a selected confidence interval (95%) required for the spontaneous cycle length to return to preparing levels.
For all statistical analysis, P < 0.05 was considered significant. All values are expressed as the mean ± SE unless otherwise indicated.
Results
Determinants of Sinus Node Recovery Time
A total of 253 sinus node recovery times (SNRT) (see Fig. 3 ) were obtained in the seven dogs used in this study. During sinus rhythm, the mean preparing cycle length was 413 ± 4 msec with a range of 340-556 msec. The pacing cycle lengths employed in the determinations of SNRT ranged between 218 and 471 msec. Overdrive pacing was performed from the tips of the right and left atrial appendages for 20, 40, and 60 seconds. Great care was taken to ascertain that the escape beat used to compute SNRT was of sinus origin. In every instance, the earliest electrogram was recorded from the electrode sutured over the region of the sinus node. Table 1 is a summary of the activation sequence of four electrograms recorded from the right atrium and from Bachmann's bundle during control beats and during the first escape beat following abrupt cessation of rapid atrial pacing. Regardless of whether the pacing was performed from the right or from the left atrial appendage, the sinus node electrogram was always the first to emerge, and it was therefore assigned the reference value of 0 ( Fig. 4) . On comparing the control beats with the escape beats, we found that neither the shape of the Bachmann's bundle, crista terminalis, and Eustachian ridge electrograms, nor their respective average time intervals between each other and with respect to the sinus node, were significantly different. In addition, the lead II surface P waves and the A-waves in the bundle of His electrograms of the escape beats were indistinguishable from the ones recorded during the control beats. Thus, the earliest escape activity was observed in the sinus node and not at an ectopic site characteristic of subsidiary atrial pacemaker activity (Randall et al., 1982) . Although there were no pacemaker shifts out of the region of the sinus in these studies, frequent discrete and variable changes in the morphology of the sinus node electrograms were observed. However, these changes did not influence the activation sequence of the atrial electrograms, although some individual time intervals did vary up to 5 msec. These changes in time intervals were unpredictable, and they bore no relationship to either site or duration of padng or pacing cycle length. This random behavior probably explains why the group data of the time intervals in Table 1 were not significantly affected.
The SNRT data ( Fig. 3 ) was subjected to a regression analysis so that we might determine the significance of the main effects for each variable and the interaction between variables. In the initial analysis, individual determinants (preparing cycle length, paring cycle length, duration, and site of pacing), as well as interaction terms such as duration X pacing cycle length, duration X (paring cycle length) , etc., up to and including all three-way interactions, were 185 tested. Regression coeffident estimates and tests of significance were obtained and are summarized in Table 2 .
In addition to preparing cycle length, pacing cycle length, and site, only the interaction term pacing cycle length X site was found to be significant. None of the other two-way or three-way interaction terms had a significant effect on SNRT. Since duration also had no influence on SNRT, it was removed from the regression model. The final model derived from this data is:
The preparing cycle length (PPCL) and pacing cycle length (PCL) are expressed in milliseconds. The term site (S) as been assigned the value of 1 for the right atrial appendage and 2 for the left atrial appendage for purposes of substitution into the above regression equation. The overall regression was significant (P < 0.001) with an R 2 = 0.941. In other words, the predictive regression model (1) can account for 76.3% of the variance observed in the SNRT data independent of dog-to-dog variability. The terms in Model 1 then were sequentially entered into a stepwise regression procedure. This allows assessment of the individual contribution of each term in Model 1 to the overall R 2 . The absolute and relative contributions of each term appearing in Model 1 are listed in Table 2 . This analysis indicates that the preparing cycle length is the single most important determinant of SNRT. Determinants such as pacing cycle length and site, although highly significant (P < 0.001), are of minor importance. The only interaction term that is of significance in predicting SNRT is the term, pacing cycle length X site, which accounts for 0.37% of the observed variance in the SNRT data.
Since SNRT is described by the three determinants, preparing cycle length, pacing cycle length, and site, a graphical representation of regression Model 1 for SNRT would require a four-dimension The overall regression is significant F (10,242) = 385.97 (P < 0.0001) with R 2 = 0.9410.
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IGURE 5. Changes in sinus node recovery time (SNRT) as a function of pacing duration, pacing cycle length, and prefacing cycle length. For all three panels, the pacing site is the right atnal appendage. The threedimensional response surfaces represent the mean data for all seven animals of this study. The surfaces are derived from the regression analysis model 1 in the text.
display. To facilitate the illustration of this analysis, we elected to depict our regression Model 1 as a three-dimensional plot (Fig. 5) . In each panel of this illustration, the surface delineated on the graph represents changes of SNRT as a function of two determinants, with the pacing site being in each case the right atrial appendage. The overwhelming influence of the preparing cycle length on SNRT is graphically demonstrated in the left and center panels of Figure 5 . These graphs also show that, at a given pacing cycle length, changes in preparing cycle length will result in proportional changes in SNRT. It is important to note that changes in duration had no significant effect on SNRT, whereas the effect of the pacing cycle lengths, although significant is only minimal (see left and right panels of Fig. 5 ). The parallel edges of the SNRT response surfaces further indicate that the interactions between the represented variables are negligible. According to Model 1, paring cycle length and site were found to interact significantly, but the magnitude of this interaction was so small that its representation was omitted from Figure 5 . Due to the method of coding for site, the relationship between the other variables would change only quantitatively by the addition or subtraction of the arbitrarily selected number ascribed to each respective site.
Determinants of Recovery Time of a Slow AVJ Rhythm during Complete Heart Block
A total of 322 recovery times was obtained in the same seven dogs used for SNRT analysis, but during slow AV junctional rhythm in the presence of complete heart block (AVJ-2 rhythm). The average preparing cycle length during AVJ-2 rhythm was 1332 ± 14 msec with a range of 1075-1702 msec. The range of pacing cycle lengths used to determine AVJ-2 recovery times (AVJ-2-RT) was 460-1075 msec. Pacing was performed from two sites (right and left ventricular surface) for durations of 20, 40, and 60 seconds. An example of such an experiment is illustrated in Figure 6 .
The AVJ-2-RT data (Fig. 7) were subjected to a regression analysis as previously performed for the SNRT data. In the initial analysis, we examined the individual significance of the main determinants (preparing cycle length, pacing cycle length, duration, and site), as well as that of interaction terms including all two-way and three-way interactions. Regression coefficient estimates and tests of significance were obtained and summarized in Table 3 .
In addition to preparing cycle length and duration, only the interaction terms, duration X pacing cycle length and duration X (paring cycle length) , (HBO (Urihaler et al., 1973) . Ventricular pacing was abruptly terminated at the asterisk in panel B, followed by a pause (AVJ-2-RT) of al least 8 seconds. Insets during recovery (panel C) illustrate high-speed His bundle electrograms (100 mm/sec) for this animal during sinus rhythm (SR) and AVJ-2 rhythm. Note change in polarity of His spike and abbreviation of H-V interval in AVJ-2 rhythm (Urthaler et al, 1973) . were found to have a significant effect on AVJ-2-RT. No other two-or three-way interactions had any significant effect on AVJ-2-RT. Since neither pacing cycle length nor site alone had any significant effect on AVJ-2-RT, these two terms were removed from the regression model. Thus, the final model derived from this data is:
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FIGURE 6. AV junctional recovery time following left ventricular pacing. Panel A illustrates the slow AV junctional rhythm (AVj-2) emerging after onset of complete heart block due to the injection of eserine into the AV node artery. This rhythm is characterized by narrow QRS complexes and the appearance of the His spike (H) in front of the Vwave in the His bundle electrogram
AVJ-2-RT = -3091.97 + 3.90 PPCL + 465.08D -0.878 PCL x D + 0.0004 PCL 2 X D where the terms, prepacing cycle length (PPCL) and pacing cycle length (PCL), are expressed in milliseconds, and duration (D) is expressed in seconds. The overall regression was significant (P < 0.0001), with an R 2 = 0.7344. Thus, model 2 can account for 62.3% of the observed variance in the AVJ-2-RT data independent of dog-to-dog variability. The terms appearing in Model 2 were sequentially entered into a stepwise regression procedure identical to that used for the SNRT analysis. The absolute and relative contributions of each term of Model 2 to the R 2 are listed in Table 3 . In contrast to SNRT, the most important determinant in predicting AVJ-2-RT is the duration of pacing. Prepacing cycle length does also significantly influence AVJ-2-RT, but it accounts for only 6.8% of the observed variance. The remainder of the variance is accounted for by the two terms involving both the pacing cycle length and duration. Although pacing cycle length on its own did not significantly influence AVJ-2-RT (see above), it was found to have a highly significant (P < 0.001) interaction with the duration of pacing. Figure 8 is a three-dimensional plot representing the response surfaces of AVJ-2-RT as derived from regression Model 2. The left panel demonstrates that both the prepacing cycle length and pacing cycle length influence AVJ-2-RT. The intricate relationship between the pacing cycle length and duration of pacing is further demonstrated by the presence of the terms PCL X D and PCL X D in regression Model 2. Because of these complex interactions, the effects of the pacing cycle length on AVJ-2-RT are amplified by longer durations. Figure 8 illustrates this very point, which is best characterized by the non-parallelism of the opposite edges of the response surface shown in the right panel. The fact that the other response surfaces have parallel opposite edges also indicates that there are no interactions between the other determinants of AVJ-2-RT.
Return to Prepacing Cycle Length after Overdriving Suppression
In both rhythms we obtained corrected-normalized means for the first five post-pacing intervals in order to determine the minimum number of beats needed to return to the prepacing cycle length after overdrive. Group data for both rhythms are illus- The overall regression is significant F (10,311) = 85.99 (P < 0.0001) with R 2 = 0.7344. (AVj-2-RT) as a function of pacing cycle length, preparing cycle length, and duration of pacing. The threedimensional response surfaces represent the mean data  for the seven animals of this study. The surfaces are  derived from the regression analysis model 1. See text  for discussion. trated in Figure 9 . During sinus rhythm, changes in the duration of pacing have no significant influence on any of the post-pacing cycle lengths examined. In contrast, during AVJ-2 rhythm, there is a significant (P < 0.001) difference in the durations of these intervals at each of the durations selected. The corrected-normalized means were then modeled to estimate the number of beats needed to return to the preparing cycle length after overdrive pacing. In every instance, regardless of the type of rhythm or duration of paring, the R 2 value obtained in this modeling procedure was equal to or greater than 0.995. Although it is apparent (Fig. 9 ) that during sinus rhythm there are slight differences in the postpacing cycle lengths with changes in the duration of pacing, these differences, as indicated previously, are not significant. Thus it is possible to calculate one single predictive value for sinus rhythm. During AVJ-2 rhythm, however, duration of pacing could not be neglected. Therefore, three predictive (duration-dependent) values were obtained to characterize the return to the preparing levels during AVJ-2rhythm. From this modeling procedure we conclude that, during sinus rhythm, the number of post- pacing beats (which includes the escape beat) required to return to the prepacing cycle length is 8 (95% confidence interval). During AVJ-2 rhythm, the number of beats predicted for a return to the prepacing cycle length (95% confidence interval) are 66, 100, and 74 beats for 20, 40, and 60 seconds of pacing, respectively.
FIGURE 8. Changes in AV junctional recovery time
Discussion
As early as 1884 (Gaskell, 1884) , researchers suggested that rapid pacing produced temporary suppression of cardiac cells possessing the property of automatirity. Since then, a wealth of information has accumulated concerning overdrive suppression. Measurement of sinus node recovery time (SNRT) is presently one of the most widely used clinical and experimental electrophysiological tests of sinus node function (Lange, 1965; Lu et al., 1965; Mandel et al., 1971 , Narula et al., 1972 Strauss et al., 1980) . Previous studies have demonstrated that SNRT is dependent on the duration of overdrive (Lange, 1965; Lu et al., 1965; Kerin et al., 1983) , the rate of overdrive (Lange, 1965; Lu et al., 1965; Mandel et al., 1971; Pliam et al., 1973; Pop et al., 1978; Bigger, 1980 , Kerin et al., 1983 , the stimulus strength (Vincenzi and West, 1963; Chadda et al., 1973) , and various neurohumoral influences (Lu et al., 1963; Lange, 1965; Kerin et al., 1983) . In contrast, overdrive suppression of idioventricular rhythms was found to be dependent primarily upon rate (Vassalle et al., 1967; Pliam et al., 1973; Krellenstein et al., 1974) and duration (Vassalle, 1977) of overdrive pacing with a variable degree of neurohumoral influences (Pliam et al., 1973; Krellenstein et al., 1974) . Very little is known about overdrive suppression of AV junctional pacemakers (Narula and Narula, 1978; Tanahashi et al., 1979) . In particular, it is not known whether the factors that determine sinus node suppression are similarly or equally effective in suppressing AV junctional automatidty. The information available on overdrive suppression of slow AV junctional rhythm during complete heart block is sparse, probably because it is inherently more difficult to produce such rhythms (Vassalle et al., 1967; Pliam et al., 1973; Krellenstein et al., 1974) .
In previous studies, our laboratory characterized the type of escape rhythm that emerges when complete heart block is achieved through maximum cholinesterase paralysis of the AV node region (Urthaler et al., 1973) , and it was also shown that this slow AV junctional rhythm was readily overdrive suppressed.
The present study provides a quantitative measure of how a given set of critical factors determines overdrive suppression of two major pacemakers in the same heart. In the sinus node, the single most important determinant of SNRT is the preparing cycle length. The relative contribution of the preparing cycle length to the magnitude of SNRT is as much as 73% ( Table 2 ). The pictorial representation for SNRT demonstrates that the preparing cycle length and SNRT are directly proportional, and that SNRT dosely approximates 153% of the preparing cycle length (model 1). Several previous investigations have made the qualitative observations of a relationship between preparing cycle length and SNRT (Narula et al., 1972; Vallin, 1980; Gang et al., 1983) , and our predictive equation for SNRT is remarkably similar to that reported recently by others (Mandel et al., 1971) . Changes in the pacing cycle length also bear a significant relationship to the extent of SNRT. However, although significant, the influence of the pacing cycle length on SNRT is almost negligible, since its relative contribution to SNRT barely exceeds 2% (Table 2) . Several studies have suggested that paring cyde length plays only a minor role in determining the magnitude of SNRT (Narula et al., 1972; Jordan et al., 1977) ; our study supports that viewpoint.
Very little is known about the influence of the site of paring on SNRT (Mandel et al., 1971) . Most studies concerned with the effects of site have examined, primarily, how the site influences conduction in and out of the sinus node (Bonke et al., 1969; Bouman et al., 1978; Yamaguchi and Mandel, 1978; LeHeuzey et al., 1982) and, also, how the site modifies the neural control of the sinus node (Vincenzi and West, 1963; Lange, 1965; Lu et al., 1965) . In our study, the site of pacing (limited to the atrial appendages) has a significant effect on SNRT, but, again, the importance of this effect is minimal, since its relative contribution accounts for just over 3% ( Table 2 ). The existing interaction between the site of paring and the padng cycle length is extremely small, yet interesting, in the light of previous studies which have shown significant pacemaker shifts with changes in padng site (LeHeuzey et al., 1982) . We did not observe any pacemaker shift out of the sinus node in this study. On the other hand, the discrete and unpredictable changes in electrogram morphologies that were often observed (at least in the first escape beat) over the sinus node could very well have been the result of intranodal pacemaker shifts, or changes in breakthrough, or both. This is a reasonable speculation, considering that intranodal pacemaker shifts are readily demon-189 strable in in vitro studies (Bonke et al., 1969; Bouman et al., 1978) . In these experiments, we could not reliably relate those sinus node electrogram changes to either one or the other site. Duration of pacing 20-60 seconds) had no significant effect on SNRT. This observation and the fact that the pacing cycle length had only a minor effect on SNRT suggest that, after overdrive padng of the sinus node for 20 seconds, maximum overdrive suppression of the sinus node has already been achieved. This, then, logically implies that any further increase in the absolute number of action potentials cannot further suppress the sinus node.
Unlike the sinus node, the overwhelming determinant of the recovery time during slow AV junctional rhythm is the duration of pacing. Whereas the relative contribution of the duration alone to the overall variance accounts for 30%, the interactions between duration of pacing and pacing cycle length are almost as important, since their contributions amount to 20% of the overall variance (Table 3) . Previous studies by Vassalle (1977) have demonstrated the influence of the duration of pacing upon overdrive suppression of slow idioventricular rhythms. HoweveT, neither the absolute nor the relative contribution of the pacing duration to the recovery time could quantitatively be assessed in these studies, since the other major critical determinants such as the pacing cycle length and preparing cycle length were not taken into consideration simultaneously. Furthermore, and perhaps because of the method used (Pliam et al., 1973; Krellenstein et al., 1974) to produce these slow rhythms, the escape rhythm after overdrive pacing was not always identical to the one preceding the pacing episode. In our study, the escape rhythm had to be identical to the one preceding the paring episode in order to be accepted for analysis.
In vivo (Pliam et al., 1973; Krellenstein et al., 1974) as well as in vitro (Vassalle et al., 1967; Vassalle, 1970) studies have shown the influence of the pacing rate upon the duration of the escape interval following overdrive pacing. Striking similarities exist between the behavior of the in vivo preparations and the in vitro preparation using isolated Purkinje fibers (Vassalle, 1970 (Vassalle, , 1976 . In our preparation with slow AV junctional rhythm (AVJ-2) and complete heart block, the pacing cycle length (as pacing rate) does not, by itself, relate significantly to the duration of the escape interval. However, we found that there is a critical and highly significant relationship between the pacing cycle length and the duration of pacing (Table 3 ). If one invokes the hypothesis that overdrive suppression is due primarily to changes in cellular ionic balance and subsequent activation of an electrogenic sodium pump (Vassalle, 1967 (Vassalle, , 1976 , then the relationship between the pacing cycle length and the duration of pacing is readily explained. A plausible explanation for the differential behavior of the sinus node and the slow AV junctional pacemaker might at least in part reside in differences of membrane permeability(ies) (DeMello and Hoffman, I960) and differences in activity of the electrogenic sodium pump in sinus node cells (Noma and Irisawa, 1979) and Purkinje cells (Sperelakis, 1979) .
In contrast to the sinus node, the preparing cycle length has relatively little influence on the recovery time of slow AV junctional (AVJ-2) rhythm. The preparing cycle length (relative contribution) accounts for only approximately 9% of the variance (Table 3) . Finally, and in contrast to the behavior of the sinus node, the site of pacing had no significant influence on AVJ-2-RT.
The dissimilarity in the behavior of these two centers of automariciry is illustrated further by the different time course of recovery from the escape interval. In assessing the return from the escape interval to the preparing cycle length, we found that following perturbations achieved through rapid pacing, AVJ-2 requires almost 10 times as many beats as does the sinus node. In addition, when we used the B-value of the model to approximate the rate of return to the preparing cycle length, the value derived for the sinus rhythm (0.84) is always significantly (P < 0.05) greater than the values obtained for AVJ-2 rhythm (0.57-0.73).
Taken together, these studies have shown that, although the same critical determinants of overdrive suppression are operative in the sinus node and slow AV junctional pacemaker, the respective quantitative contribution of each determinant is vastly different, depending upon which pacemaker is under scrutiny. This differential behavior by the sinus node and the slow AV junctional pacemaker is reflected not only by the differences in the contribution of each of the determinants, but also by the different interactions which take place between determinants. The difference in the return from the escape interval toward the preparing cycle length also reflects a differential pacemaker behavior, with the sinus node exhibiting the least amount of overdrive suppression for a given perturbation. From these findings one might speculate that the types of cells responsible for each of those two rhythms are dissimilar. It is likely that P-cells are responsible for generating sinus rhythm (James et al., 1966; Taylor et al., 1978; Woods et al., 1981) . The exact type of cell responsible for the slow AV junctional rhythm, however, has yet to be determined, but the present study has shown clearly that there are striking similarities with regard to overdrive suppression between cells initiating the slow AV junctional rhythm and in vitro Purkinje fibers (Vassalle, 1967 (Vassalle, , 1976 .
